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(54) NONAQUEOUS ELECTROLYTE SECONDARY BATTERY AND METHOD FOR 
MANUFACTURING NEGATIVE ELECTRODE OF THE SAME 



(57) Graphite powder for a negative electrode in 
prior arts, which allows lithium ions to repeat intercala- 
tion and deintercalation reversibly by charge and dis- 
charge, has failed to attain a specific capacity close to 
the theoretical capacity of 372 mAh per 1g. Also, there 
was a problem in storage property at a high temperature 
when it is attempted to improve the high rate charge and 
discharge characteristics. An object of the present 
invention is to solve these problems. In the process of 
pulverizing flaky graphite particles of which plane inter- 
val (d002) of (002) plane is 3.350 to 3.360 angstroms, 
and crystallite size (Lc) in the C-axis direction is at least 
1000 angstroms or more, the graphite particles are 
chamfered into disk- or tablet-like form, which are then 
sifted, so as to obtain a graphite powder, of which mean 



particle size is defined within the range of 10 to 30 
microns, mean thickness of thinnest portion is defined 
to be 3 to 9 microns, and X-ray diffraction peak intensity 
ratio of (110)/(004) by a wide angle X-ray diffraction 
method is defined to be 0.015 or more. By using this 
powder, the conventional problems are solved in a favo- 
rable balance, and, while achieving high energy density, 
the high rate discharge performance and reliability 
when left at a high temperature can be enhanced. 
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Description 
TECHNICAL FIELD 

s [0001] The present invention relates to a nonaqueous electrolyte secondary cell, and more particularly to a carbon 
material lor negative electrode of a lithium ion secondary cell. 

BACKGROUND ART 

10 [0002] As a nonaqueous electrolyte secondary cell, a so-called lithium secondary cell has been hitherto studied in 
the interest of higher energy density by means of higher voltage and larger capacity, in which metal lithium is used as 
a negative electrode active material, whereas oxide, sulfide, selenide or other chalcogen compounds of transition 
metal, such as manganese dioxide, molybdenum disulfide or titanium selenide is used as a positive electrode active 
material, and organic electrolyte made of organic solvent solution of lithium salt is used as a nonaqueous electrolyte. In 

75 this lithium secondary cell, however, while an irrteriayer compound which exhibits relatively good charge and discharge 
characteristics may be selected as a positive electrode active material, the charge and discharge characteristics of 
metal lithium for negative electrode are not particularly excellent. Thus, the cycle life for repeating charge and discharge 
can hardly be extended, and moreover, there is a danger that heat generation may be caused by internal short-circuit, 
presenting a problem in safety. More specifically, the metal lithium in the negative electrode active material elutes into 

20 the organic electrolyte as lithium ions by discharge. When the eluted lithium ions precipitate on the surface of the neg- 
ative electrode as metal lithium by charge, not all of them precipitate smoothly as in the initial state, but some precipitate 
as active metal crystals in the form of dendrite or moss. The active metal crystals decompose the organic solvent in the 
electrolyte, while the surface of the metal crystals is covered with a passive film to be inactivated, hardly contributing to 
discharge. As a result, as charge and discharge cycles are repeated, the negative electrode capacity declines, where- 

25 fore the negative electrode capacity had to be set extremely larger than that of the positive electrode when fabricating 
a cell. Besides, the active dendritic metal lithium crystals may pierce through the separator and contact with the positive 
electrode, possibly causing internal short-circuit By internal short-circuit, the cell may generate heat 
[0003] Accordingly, the so-called lithium secondary cell, which uses a carbon material that is capable of repeating 
reversibly intercalation and deintercalation by charge and discharge as the negative electrode material, has been pro- 

30 posed, is now being intensively researched and developed, and is already put in actual use. In this lithium secondary 
cell, so far as it is not overcharged, active dendritic metal lithium crystals do not precipitate on the negative electrode 
surface when the cell is charging up and discharging, and enhancement of safety is much expected. Moreover, since 
this battery is extremely superior in high rate charge and discharge characteristics and cycle life to the lithium second- 
ary cell using metal lithium in the negative electrode active material, the demand for this battery is growing rapidly in 

35 recent years. 

[0004] As the positive electrode active material for lithium ion secondary cell of 4V class, a composite oxide of lithium 
and transition metal, such as LiCo0 2 , LiNi0 2 , LiMn0 2 . and UMr^O* corresponding to the discharge state is being 
employed or considered. As the electrolyte, similarly as in the lithium secondary cell, a nonaqueous electrolyte such as 
organic electrolyte and polymer solid electrolyte is used. 

40 [0005] When graphite is used in the negative electrode material, the theoretical value of capacity per 1 g of carbon by 
reference to CeLJ of irrteriayer compound produced by intercalation of lithium ion is 372 mAh. Therefore, among various 
carbon materials, the one which helps realize a specific capacity close to this theoretical value, as well as causes the 
capacity per unit volume, i.e., capacity density (mAh/cc) to be as high as possible, should be selected for the negative 
electrode that is put in practical use. 

45 [0006] Among various carbon materials, in the hardly graphitized carbon generally known as hard carbon, materials 
which exhibit a specific capacity exceeding the above mentioned theoretical value (372 mAh/g) are discovered and are 
being investigated. However, since the hardly graphitized amorphous carbon is small in true specific gravity and is bulky, 
it is substantially difficult to increase the capacity density per unit volume of the negative electrode. Furthermore, there 
still remain many problems, for example, the negative electrode potential after charge is not so base as to be close to 

so the metal lithium potential, and flatness of discharge potential is inferior. 

[0007] By contrast, when natural graphite or artificial graphite powder which is high in crystaflinity is used in the neg- 
ative electrode, the potential after charge is close to the metal lithium potential, and the flatness of discharge potential 
is excellent, whereby the charge and discharge characteristics are enhanced as a practical battery, and thus the graph- 
ite powder is recently becoming the mainstream of negative electrode material. 

55 [0008] However, when the mean particle size of the graphite powder for negative electrode of a lithium ion secondary 
cell is large, the charge and discharge characteristics at high rate and discharge characteristic at low temperature tend 
to be inferior. Accordingly, by reducing the mean particle size of the powder, the high rate charge and discharge char- 
acteristics and low temperature discharge characteristic are enhanced, but if the mean particle size is made too small, 
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the specific surface area of the powder becomes too large, as a result of which there is a problem of increased irrevers- 
ible capacity, in which the lithium inserted by first charge in the powder cannot contribute to discharge after the first 
cycle. This phenomenon is not only a fatal demerit for enhancement of energy density, but also causes the solvent in 
the organic electrolyte to be decomposed in case the battery is left at a high temperature exceeding 100°C. which may 
s lead to self-discharge as well as an electrolyte leak accident due to raise in the cell internal pressure, thereby lowering 
the reliability of the battery. 

[0009] It is hence easily understood that the appropriate specific surface area and mean particle size are essential 
for the graphite powder for negative electrode. An invention proposed from such viewpoint is, for example, Japanese 
Laid-open Patent No. 6-295725, which uses graphite powder of which specific surface area by BET method is 1 to 10 

io rrfrg, mean particle size is 1 0 to 30 microns, and at least one of the content of powder with a particle size of 1 0 microns 
or less and the content of powder with a particle size of 30 microns or more is 1 0% or less. Further, in Japanese Laid- 
open Patent No. 7-134988, the usage of spherical graphite powder is disclosed, which is obtained by graphitizing meso- 
carbon micro-beads formed by heating petroleum pitch at a low temperature and of which plane interval (d002) of (002) 
plane by wide angle X-ray diffraction method is 3.36 to 3.40 angstroms, and specific surface area by BET method is 0.7 

is to 5.0 m 2 /g. 

[0010] These inventions were not only extremely effective for enhancement of high rate charge and discharge char- 
acteristics and discharge characteristic at low temperature of the lithium ion secondary cell, but also effective for 
decreasing the irreversible capacity determined in the initial phase of cycle, which was a fatal problem to be solved. 
However, such problems are still left that storage property and reliability when left at a high temperature are not suffi- 
20 cierrUy achieved, and the specific capacity (mAh/g) and capacity density (mAh/cc) of the negative electrode are not sat- 
isfactory. 

[001 1 ] It is thus an object of the invention to further improve the reliability and high energy density of a lithium sec- 
ondary cell. 

25 DISCLOSURE OF INVENTION 

[001 2] To solve the aforesaid problems of the lithium ion secondary cell, according to the present invention, flaky or 
lumpy graphite particles of high purity (fixed carbon content 98% or more) and of high crystallinity with a mean particle 
size of 20 microns or more and a mean thickness of 15 microns or more are dispersed in liquid or gas; this liquid or gas 

30 is pressurized and discharged spirally from the nozzle, thereby pulverizing the graphite particles; and they are sifted, by 
which the tapping density, X-ray diffraction peak intensity ratio of (1 10)/(004) by wide angle X-ray diffraction method, 
and particle shape of the graphite powder are controlled, whereby a nonaqueous electrolyte secondary cell of high spe- 
cific capacity is realized, wherein the irreversible capacity noted in the initial cycle is kept as small as possible, the stor- 
age property and reliability of the battery when left at a high temperature are enhanced, and excellent high rate 

35 discharge characteristic and discharge characteristic at a low temperature are achieved. 

BRIEF DESCRIPTION OF DRAWINGS 
[0013] 

40 

Fig. 1 is a sectional view of a coin type cell for measuring the reverstole capacity and irreversfole capacity for stud- 
ying the effects achieved by the invention; and 

Fig. 2 is a sectional view of a cylindrical cell in a vortex electrode group constitution according to an embodiment 
of the invention. 

45 

BEST MODES FOR CARRYING OUT THE INVENTION 

[0014] The present invention as set forth in claim 1 relates to a nonaqueous electrolyte secondary cell comprising a 
positive electrode, a negative electrode, and a separator interposed therebetween, said negative electrode being made 

so of a negative electrode material that allows lithium ions to repeat intercalation and deintercalation reverstoly by charge 
and discharge, wherein a graphite powder used in said negative electrode material is prepared such that flaky or lumpy 
graphite particles, of which plane interval (d002) of (002) plane by wide angle X-ray diffraction method is 3.350 to 3.360 
angstroms, and crystallite size (Lc) in a C-axis direction is at least 1000 angstroms or more, are chamfered into sub- 
stantially disk or tablet form through pulverization, and are then sifted, so that a mean particle size of the graphite par- 

55 tides is defined to be 1 0 to 30 micros, a mean thickness of the thinnest portion thereof is defined to be 3 to 9 microns, 
and an X-ray diffraction peak intensity ratio of (1 1 0)/(004) thereof by a wide angle X-ray diffraction method is defined to 
be 0.01 5 or more, by which various characteristics of the lithium secondary cell are improved and a high energy density 
is achieved. 
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[001 5] The invention as set forth in claims 2 to 6 relate to the graphite powder for the negative electrode cited in claim 
1 , in which the above object is achieved more securely by defining the specific surface area by BET method at 2.0 to 
8.0 rrf/g, and the tapping density at 0.6 to 1 .2 g/cc, and in particular, by controlling the content of the powder of which 
particle size is less than 5 microns and of the powder of which particle size is over 50 microns. 

s [0016] The invention as set forth in claim 7 relates to the nonaqueous electrolyte secondary cell cited in claim 1, in 
which a transition metal oxide containing lithium (chemical formula LixM0 2 . where M is one or more transition metals 
selected from Co, Ni, Mn, and Fe, and x = 0 or more and 1 .2 or less) is used in the positive electrode active material, 
whereby the lithium ion secondary cell which exhtorts excellent safety properties and high rate charge and discharge 
characteristics is presented. The positive electrode active material is particularly preferred to be LixCo0 2 , UxNi0 2 , 

10 LixMn 2 0 4 , and those having a part of Co, Ni, Mn replaced by other transition metal or element. 

[001 7] The invention as set forth in claim 8 relates to a manufacturing method of a negative electrode for a nonaque- 
ous electrolyte secondary cell characterized in that the negative electrode is formed with the use of a graphite powder 
of substantially disk or tablet form, said graphite powder being prepared by dispersing flaky or lumpy graphite particles, 
of which plane interval (d002) of (002) plane by wide angle X-ray diffraction method is 3.350 to 3.360 angstroms, crys- 

75 tallite size (Lc) in the C-axis drection is at least 1 000 angstroms or more, mean particle size is 20 microns or more, and 
mean thickness of the thinnest portion is 15 microns or more, in liquid or gas; pressurizing and discharging the liquid or 
gas spirally from a nozzle, by which the graphite particles are pulverized; and sifting the graphite powder into particles 
of the disk- or tablet-like form. The method of the invention may be implemented either by a wet process or a dry proc- 
ess. In the case of wet process where graphite particles are dispersed in liquid and pulverized, thereby obtaining disk- 

20 or tablet-like graphite particles, the graphite concentration in the liquid may preferably be set at 5 to 30 wt%, and more 
preferably 15 to 25 wt%. The nozzle diameter is preferred to be 0.3 to 3 mm, and more preferably 0.6 to 1 .2 mm. Fur- 
thermore, the discharge pressure is preferred to be 100 to 1000 kg/cm 2 , and more preferably 400 to 700 kg/cm 2 . 
[0018] In the case of dry process where graphite particle are dispersed in gas and pulverized, thereby obtaining disk- 
or tablet-like graphite particles, the graphite concentration in the gas is preferred to be 10 to 60 kg/m 3 . The nozzle diam- 

25 eter is preferred to be 3 to 35 mm, and more preferably 1 5 to 25 mm. Moreover, the discharge pressure is preferred to 
be 0.3 to 1 0 kg/cm 2 , and more preferably 0.5 to 3 kg/cm 2 . 

[001 9] Water, ethanol, methanol or the like may be suitably employed for the solvent to be used in the wet process of 
the invention. Air, nitrogen, argon or the like may be preferably employed as the gas to be used in the dry process. 
[0020] In the above conditions, disk- or tablet-like graphite particles can be obtained efficiently by pulverizing the 
30 graphite particles while the liquid or gas is pressurized and discharged spirally from the nozzle, thereby creating a vor- 
tex in a crushing container. 

[0021] In both of the wet process and the dry process of the invention, pulverization is not promoted sufficiently and 
it is hard to obtain disk- or tablet-like graphite particles with a concentration higher than the specified range of concen- 
tration, while productivity is lowered with a concentration lower than the specified range. 
35 [0022] Also, rf the nozzle diameter is larger than the specified nozzle diameter range, the grinding efficiency 
decreases to lower the productivity, while if the nozzle diameter is smaller than the defined range, grinding is promoted 
excessively and it is hard to obtain disk- or tablet-like graphite particles. 

[0023] Further, if the discharge pressure is smaller than the specified discharge pressure range, grinding is not pro- 
moted and productivity is lowered, while if the pressure is larger, to the contrary, grinding is promoted excessively and 

40 it is hard to obtain disk- or tablet-like graphite particles. 

[0024] The electrolyte is not limited to a particular type in this invention. Any of electrolytic solution, polymer electro- 
lyte, or combinations thereof may be used. It is, however, preferable that the solvent of the electrolytic solution used in 
the battery comprising the 4V class positive electrode cited in claim 7 and the negative electrode of the invention is 
mainly composed of a mixed solvent of one kind or more of cyclic carbonate such as ethylene carbonate, propylene car- 

45 bonate, and butylene carbonate that are excellent in oxidation resistance and low temperature characteristics, and one 
kind or more of chain carbonate such as dimethyl carbonate, diethyl carbonate, and ethyl methyl carbonate, Other sol- 
vents, such as aliphatic carboxylate ester or ethers may be also mixed as required. The mixing ratio by volume of cyclic 
carbonate and of chain carbonate in relation to the entire solution should preferably be within the range of 5 to 50% and 
10 to 90%, respectively, and in particular, 15 to 40% and 20 to 80%, respectively. 

so [0025] Incidentally, in case of using a material of relatively low potential of 3V class or the like for the positive elec- 
trode, solvents other than those mentioned above may be also used. 

[0026] Lithium salt is used as the solute for such solvents. Well-known examples of lithium salt include LiCi0 4 , LiBF 4 , 
LiPF 6 , LiAICU, LiSbF 6 , LiSCN, LiCI. UCF3SO3, UCF3CO2, LifCFaSOzk, LiAsF 6 , UN(CF 3 S02) 2 , etc. 
[0027] No restrictions are placed on selection of members necessary for constituting the battery other than those 
55 mentioned above. 
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(Embod merits) 

[0028] Referring now to the drawings and tables, preferred embodiments of the invention will be hereinafter described 
in detail. 

5 

(Basic experiment) 

[0029] Fig. 1 is a sectional view of a coin type cell for measuring the reversible capacity and irreversible capacity of a 
carbon material for the negative electrode of a lithium ion secondary cell. In Fig. 1, a grid 3 of stainless steel expanded 
10 metal is preliminarily spot-welded to the inner bottom of a stainless steel cell case 1 , and this grid 3 and a compound 
mainly composed of the carbon powder for negative electrode of lithium ion secondary cell are integrally fixed as a car- 
bon electrode 5 by an internal forming method. The compound of the carbon electrode 5 is a mixture of a sample car- 
bon powder and an acrylic binder at a ratio of 100:5 by weight. A polypropylene gasket 7 is fitted to the brim of a 
stainless steel lid 2, and metal lithium 4 is pressed to the inner surface of the lid 2. After injecting and impregnating non- 
75 aqueous electrolyte to the carbon electrode 5, the lid 2 with the gasket 7 is coupled to the cell case 1 through a sepa- 
rator 6 of micro-porous polyethylene film, and the upper edge opening of the cell case 1 is curled inwardly and sealed. 
As the nonaqueous electrolyte, an organic electrode prepared by mixing ethylene carbonate and diethyl carbonate at a 
ratio of 1 :1 by volume, and dissolving lithium hexafluorophosphate in this mixed solvent at a concentration of 1 mol/lrter 
was employed. Cells were fabricated using 29 kinds of sample carbon powder in the carbon electrode 5, and using the 
20 carbon electrode 5 as the positive electrode and the metal lithium electrode 4 as the negative electrode, charging and 
discharging were repeated at constant current of current density of 0.3 mA/cm 2 at 20°C. After intercalating lithium in 
carbon until the cell voltage becomes 0V, lithium is deintercalated from carbon until the cell voftage becomes 1 .0 V, and 
the determined capacity is the reversible capacity. The value obtained by subtracting the reversible capacity from the 
quantity of electricity required for intercalation is defined to be the irreversible capacity. The charge and discharge end 
25 voltages of these test cells nearly correspond to the charge end voltage of 4.20V and discharge end voftage of 2.75V 
of a commercial cell of carbon negative electrode and UC0O2 positive electrode. 

[0030] Graphite powder of which mean particle size is defined is prepared as sample carbon powder for negative elec- 
trode (sample Nos. 12 to 29), by pulverizing and sifting flaky natural graphite (mean particle size of about 50 microns, 
mean thickness of thinnest portion of about 25 microns) or lumpy natural graphite (mean particle size of about 50 

30 microns, mean thickness of thinnest portion of about 30 microns), and flaky artificial graphite particles (mean particle 
size of about 50 microns, mean thickness of thinnest portion of about 30 microns) that are obtained by a conventional 
grinding method, in the conditions of the present invention shown in Table 2 or Table 3. The properties of these powder 
materials, and the aforesaid reversible capacity and irreversible capacity are summarized in Table 2 and Table 3. As 
comparative samples, flaky or lumpy natural graphite that is obtained by a conventional grinding method, artificial 

35 graphite particles pulverized by a conventional impact grinder such as a ball mill, a jet mill, a hammer mill or a pin mill 
(sample Nos. 1 to 9), spherical meso-carbon micro-beads (MCMB, sample No. 10) obtained by graphrtizing meso-car- 
bon micro-beads as disclosed in Japanese Laid-open Patent No. 7-134988. and petroleum pitch coke powder (sample 
No. 1 1) were used as sample carbon powder materials for negative electrode. The properties of these powder materials 
as well as the reversible capacity and irreversible capacity are summarized in Table 1 . 

40 [0031 ] The tapping density off sample carbon powder materials was measured by means of Powder Tester of Hoso- 
kawa Micron. The mean particle size was obtained with the use of LA-910 of Horiba, by emitting a laser beam to target 
particles and analyzing the light diffraction phenomenon (scatter). The specific surface area was measured by the BET 
mufti-point method using ASAP2010 of Shimadzu. The mean thickness of carbon powder was determined, after press- 
ing and forming each of the sample graphite powder materials with a die and cutting the formed materials in parallel to 

45 the pressing direction, from an SEM image of this sectional surface. That is, the value in the thickness direction of the 
thinnest portion of carbon powder was measured in more than 100 pieces, and the mean was determined. 
[0032] The X-ray peak intensity ratio of (11 0)/(004) was obtained such that the carbon powder was pressed with a die 
to form pellets of density of about 1 .7 g/cc, the peak intensity of (1 10) and (004) planes obtained by wide angle X-ray 
diffraction measurement were measured at five points, the peak intensity ratio of (1 10)/(004) was calculated, and the 

50 mean thereof was determined. 

[0033] Diffraction beams on the (004) plane and (1 10) plane are diffraction beams on six-carbon ring reticular plane 
and its vertical plane of graphite crystal. When flaky-shape particles are contained in a great quantity, graphite particles 
are oriented selectively in the direction parallel to the pressing plane when making pellets, as compared to the case 
where there are many graphite particles of disk or tablet shape. Therefore, when the ratio of flaky particles increases in 

55 relation to the disk- or tablet-like graphite particles, the X-ray peak intensity ratio of (1 1 0)/(004) decreases. 
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[0034] As can be seen from Tables 1 , 2, and 3, the cells with the spherical graphite powder (sample No. 10) and the 
coke powder (sample No. 1 1) in comparative samples with Lc of less than 1000 angstroms had relatively small irrevers- 
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ible capacities, but the reversible capacities which greatly influence the energy density were small (both less than 300 
mAh/g). In contrast, all of the cells with the sample Nos. 1 to 9 and 1 2 to 29 made of natural graphite or artificial graphite 
powder had the reversible capacity of at least 350 mAh/g, which was close to the theoretical value of specific capacity 
(372 mAh/g). Among them, it is noted that the irreversible capacities of the cells with the sample graphite powder Nos. 
5 1 2 to 29 are 1 7 to 30 mAh/g, that are smaller as compared to those of the cells with other sample graphite powder (Nos. 
1 to 9). 

[0035] ft is understood that a high level reversible capacity is obtained by using natural graphite or artificial graphite 
of high degree of crystallinity and purity with the plane interval (d002) of (002) plane being 3.350 to 3.360 angstroms by 
wide angle X-ray diffraction and the crystallite size (Lc) in the C-axis direction being at least 1000 angstroms or more, 
10 in the negative electrode material of lithium ion secondary cell, as the preliminary conditions of the present invention. 

(EmbocGments and comparative examples) 

[0036] Using the same carbon powder materials for negative electrode (sample Nos. 1 to 29) of which reversible 
15 capacity and irreversible capacity were determined in the basic experiment, cylindrical cells were fabricated, and the 
high rate discharge characteristic at a low temperature and electrolyte leak possibility when left at a high temperature 
in a charged state were investigated. 

[0037] Fig. 2 is a sectional view of a cylindrical cell of spiral electrode group configuration. In Fig. 2, a band-like pos- 
itive electrode 10 and a negative electrode 1 1 are spirally wound with a separator 12 made of micro-porous polyethyl- 

20 ene film interposed therebetween, thereby constituting an electrode group. The positive electrode 10 is prepared by 
mixing LiCo0 2 which is a composite oxide of lithium and cobalt of active materials, carbon black as conductive material, 
and pdytetrafluoroethylene (PTFE) as a binder at a ratio of 100:3:10 by weight applying this paste on both sides of an 
aluminum foil used as a current collector, drying and pressing it by a roll, and cutting it to a preserved size. A dispersion 
solution was used for the PTFE as the binder. A positive electrode lead piece 13 is spot-welded to the aluminum foil of 

25 the positive electrode 10. The negative electrode 1 1 is prepared by applying a paste, that is obtained by admixing an 
acrylic binder solution into the sample carbon powder, on both sides of a copper foil used as a current collector, drying 
and pressing it by a roll, and cutting it to a prescribed size. A negative electrode lead piece 14 is spot-welded to the cop- 
per foil of the negative electrode 1 1 . A bottom insulator 15 is mounted on the lower side of the wound electrode group, 
which is then put into a cell case 1 6 made of a nickel plated steel plate, and the negative electrode lead piece 1 4 is spot- 
so welded to the inner bottom of the cell case 16. Then, after placing an upper insulator 17 on the electrode group, a 
groove is cut in a prescribed position at the opening of the cell case 16, and a predetermined amount of organic elec- 
trolyte is injected thereinto and impregnated. As the organic electrolyte, the same kind as used in the basic experiment 
was used. Afterwards, the positive electrode lead piece 1 3 is spot-welded to the inner bottom of a seal plate 1 9 to which 
a gasket 18 has been fitted at its peripheral edge. The seal plate 19 is then fitted to the opening of the cell case 16 

35 through the gasket 1 8, and the upper edge of the cell case 1 6 is curled inwardly and sealed, thereby completing a cell. 
[0038] The discharge capacity of each cell was set such as to be defined by the negative electrode capacity, and the 
weight of carbon powder for negative electrode of each cell was made identical regardless of the kind. The amount of 
other materials and manufacturing method were made identical, so that the comparison could be made with respect to 
the carbon powder materials for negative electrode. 

40 [0039] All of the cells, five cells each for cells a to k and A to R, that are respectively made of 29 kinds of carbon pow- 
der for negative electrode, were charged at 20°C at a constant current of 100 mA (1/5C) until the terminal voltage of 
each cell became 4.2 V, after which they were discharged at a constant current of 100 mA (1/5C) until 2.75V, and the 
1/5C discharge capacity was determined. Then, after charging the cells in a similar manner, they were discharged at a 
constant current of 500 mA (1C) until 2.75V, and the 1C discharge capacity was determined. Successively, the cells 

45 were charged at 20°C. after which they were left at -20°C for 24 hours, and the 1 C discharge capacity was determined 
at the same temperature of -20°C. Further, after letting each of the cells stand at 20°C, when the temperature of the 
cells had returned to 20°C, they were charged in a similar manner, and then the cells were left at 100°C for one day, 
and after the cell temperature had returned to 20°C, all cells were observed for presence or absence of electrolyte leak. 
[0040] The above mentioned battery performances (mean of five cells) are summarized in Table 4 in contrast to the 

so properties of the sample carbon powder materials. 
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[0041] As can be seen from Table 4, the cells with sample Nos. 10 and 1 1 which had small reversible capacities as 
shown in Table 1 , have small 1/5C and 1 C discharge capacities at 20°C, while those of the cells with the sample graph- 
ite powder Nos. 1 to 9 are relatively large. However, those which exhibited high rate discharge capacities at low temper- 
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ature (-20°C, 1C) of 415 mA or more were the cells a, b, f, g, h, j, and A to R only, that were respectively made of the 
sample graphite powder Nos. 1,2,6, 7, 8. 10, and 12 to 29. Further, those which were completely free from electrolyte 
leak after being left at a high temperature were the cells d, j, k and A to R, that were respectively made of the sample 
graphite powder Nos. 4, and 10 to 29. From these results, it is seen that those which were excellent in all of the battery 
s performances were the cells A to R that were respectively made of the sample graphite powder Nos. 12 to 29 of the 
present invention. 

[0042] Of the properties of the sample graphite powder of Nos. 1 2 to 29, a great difference lies in the points that the 
tapping density is as high as 0.60-1 .15g/cc as compared to 0.21-0.46g/cc of the other graphite powder (sample Nos. 1 
to 9), and that the X-ray diffraction peak intensity of (1 10)/(004) by wide angle X-ray diffraction method exceeds 0.015. 

w This is due to the tacts that the mean particle size of graphite powder of Nos. 1 2 to 29 is 1 0.3 to 29.5 microns, as well 
as the specific surface area by BET method is 2.1 to 7.4 m 2 /g, which means that the specific surface area is not too 
large for the mean particle size, and that the mean thickness of sample graphite powder Nos. 12 to 29 is 3.1 to 8.9 
microns, that is larger than 1 .1 to 2.5 microns of other graphite powder materials (sample Nos. 1 to 9). More specifically, 
the graphite powder of the present invention is prepared such that flaky or lumpy graphite particles of high degree of 

is crystallinity and purity are dispersed in liquid or gas, this liquid or gas is pressurized and discharged spirally from a noz- 
zle, thereby forming a vortex flow and pulverizing the graphite powder, so as to chamfer the graphite powder into disk- 
or tablet-like particles, and the graphite powder is then sifted into a powder of prescribed particle size, by which the tap- 
ping density is high and the X-ray diffraction peak intensity ratio of (1 10)/(004) by wide angle X-ray diffraction method 
is large. Therefore, the high rate charge and discharge performances and high rate discharge performance at a low 

20 temperature are enhanced by using a graphite powder of a desired mean particle size distribution through appropriate 
pulverizing and sifting of the graphite powder. Even after the graphite powder is pulverized, the specific surface area is 
not increased unnecessarily, since the particles of which thickness is large and of which shape is closer to spherical 
form among flaky particles are collected, by which the organic solvent in the electrolyte is hardly decomposed even at 
a high temperature, and the cell internal pressure is hardly raised, as a result of which the occurrence of electrolyte leak 

25 accidents is eliminated. 

[0043] In the prior arts, the carbon material for the negative electrode of a lithium ion secondary cell, in particular, the 
graphite powder was controlled only by the mean particle size and specific surface area, but the importance of defining 
the graphite powder by the tapping density will be understood. Besides, as a result of experiments other than those 
described above, it has been found that the appropriate ranges of the mean particle size, mean thickness of thinnest 

30 portion, and X-ray diffraction peak intensity ratio of (1 10)/(004) by wide angle X-ray diffraction method for the graphite 
powder according to the present invention are 10 to 30 microns, 3 to 9 microns, and 0.015 or more, respectively, ft is 
also confirmed that under these conditions, the specific surface area by BET method is 2.0 to 8.0 rrf/g, and the defining 
range of the tapping density is 0.6 to 1 .2 g/cc. Further, it is confirmed that the powder that is so fine, as fine as less than 
5 microns in particle diameter, that it lowers the reliability after being left at a high temperature, should be contained in 

35 an amount of 15% or less, and that the powder which exceeds 50 microns in diameter and impedes the high rate dis- 
charge performance should be contained in an amount of 30% or less. 

INDUSTRIAL APPLICABILITY 

40 [0044] As set forth above, the graphite powder for negative electrode according to the present invention achieves the 
capacity of 351 to 360 mAh/g, that is at least 94% (94.4 to 96.8%) of a theoretical value of specific capacity (372 
mAh/g), while its irreversible capacity is as extremely small as 17 to 30 mAh/g, by which it contributes to enhancement 
of energy density. Moreover, not only exhibiting excellent high rate charge and discharge performances and low tem- 
perature high rate discharge performance, but also it presents a highly reliable lithium secondary cell which is free from 

45 electrolyte leakage accidents even left at a high temperature, wherefore it is useful in the fabrication of lithium second- 
ary cells. 

Claims 

so 1. A nonaqueous electrolyte secondary cell comprising a positive electrode, a negative electrode, and a separator 
interposed therebetween, said negative electrode being made of a negative electrode material that allows lithium 
ions to repeat intercalation and deintercalation reversibly by charge and discharge, wherein a graphite powder used 
in said negative electrode material is prepared such that flaky or lumpy graphite particles, of which plane interval 
(d002) of (002) plane by wide angle X-ray diffraction method is 3.350 to 3.360 angstroms, and crystallite size (Lc) 

55 in a C-axis direction is at least 1000 angstroms or more, are chamfered into substantially disk or tablet form through 
pulverization, and are then sifted, so that a mean particle size of the graphite particles is defined to be 10 to 30 
microns, a mean thickness of the thinnest portion thereof is defined to be 3 to 9 microns, and an X-ray diffraction 
peak intensity ratio of (1 10)/(004) thereof by a wide angle X-ray diffraction method is defined to be 0.015 or more. 
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2. The nonaqueous electrolyte secondary cell according to claim 1, wherein said graphite powder for the negative 
electrode has a specific surface area of 2.0 to 8.0 rrf/g defined by a BET method. 

3. The nonaqueous electrolyte secondary cell according to claim 1, wherein said graphite powder for the negative 
s electrode contains 1 5% or less of a powder, of which particle size is less than 5 microns. 

4. The nonaqueous electrolyte secondary cell according to claim 1, wherein said graphite powder for the negative 
electrode contains 30% or less of a powder, of which particle size is over 50 microns. 

10 5. The nonaqueous electrolyte secondary cell according to claim 1, wherein said graphite powder for the negative 
electrode contains 15% or less of a powder, of which particle size is less than 5 microns, and contains 30% or less 
of a powder, of which particle size is over 50 microns. 

6. The nonaqueous electrolyte secondary cell according to claim 1 , wherein a tapping density of said graphite powder 
is for the negative electrode is 0.6 to 1.2 g/cc. 

7. A nonaqueous electrolyte secondary cell comprising a positive electrode, a negative electrode, and a separator 
interposed therebetween, said positive electrode having a transition metal oxide containing lithium (chemical for- 
mula LixMC>2, where M is one or more transition metals selected from Co, Ni, Mn, and Fe, and x = 0 or more and 

20 1.2 or less) as an active material, and said negative electrode being made of a negative electrode material that 
allows lithium ions to repeat intercalation and deintercalation reversibty by charge and discharge, wherein a graph- 
ite powder used in said negative electrode material is prepared such that flaky or lumpy graphite particles, of which 
plane interval (d002) of (002) plane by wide angle X-ray diffraction method is 3.350 to 3.360 angstroms, and crys- 
tallite size (Lc) in a C-axis direction is at least 1 000 angstroms or more, are chamfered into substantially disk or tab- 

25 let form through pulverization, and are then sifted, so that a mean particle size of the graphite particles is defined 
to be 10 to 30 microns, a mean thickness of the thinnest portion thereof is defined to be 3 to 9 microns, and an X- 
ray diffraction peak intensity ratio of (1 10)/(004) thereof by a wide angle X-ray diffraction method is defined to be 
0.015 or more. 

30 8. A manufacturing method of a negative electrode for a nonaqueous electrolyte secondary cell, characterized in that 
the negative electrode is formed with the use of a graphite powder of substantially risk or tablet form, said graphite 
powder being prepared by dispersing flaky or lumpy graphite particles, of which plane interval (d002) of (002) plane 
by wide angle X-ray diffraction method is 3.350 to 3.360 angstroms, crystallite size (Lc) in the C-axis direction is at 
least 1000 angstroms or more, mean particle size is 20 microns or more, and mean thickness of the thinnest por- 

35 tion is 1 5 microns or more, in liquid or gas; pressurizing and discharging the liquid or gas spirally from a nozzle, by 
which the graphite particles are pulverized; and sifting the graphite powder into particles of the disk- or tablet-like 
form. 
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